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LIST OF ABBREVIATIONS AND DEFINITIONS OF TERMS
The following abbreviations and special terms are used in this document.

Abbreviation	Explanation
ADRAEAUC0-tAUC0-∞	Adverse Drug ReactionAdverse EventArea under plasma concentration time curve from time 0 to the time of the last quantifiable concentration t calculated using a log-linear trapezoidal methodArea under plasma concentration time curve from time 0 extrapolated to infinity
CL/FCmax	Apparent total body clearance at steady state after extravascular administrationMaximum measured plasma concentration
ECG	Electrocardiogram
HR	Heart rate
IV	intravenous
LLOQ	Lower Limit of Quantification
MedDRA	Medical Dictionary for Regulatory Activities
PK	Pharmacokinetics
PT 	preferred term
SAESAPSOC	Serious Adverse EventStatistical Analysis PlanSystem Organ Class
SD 	standard deviation
t1/2TDLtmaxz 	Terminal half-life, from z The Doctors LaboratoryTime to reach CmaxThe apparent terminal elimination rate constant, determined by linear regression of terminal points of the ln-linear analyte concentration-time curve. 

1. 	INTRODUCTION
The purpose of this PK Statistical Analysis Plan is to define the Pharmacokinetic (PK) analysis variable and analysis methodology to address the study’s secondary and exploratory objectives. 
Final Protocol dated 15 June 2018 was used.
2.	STUDY OBJECTIVES
Primary Objective

To evaluate the pharmacokinetics (PKs), bioavailability, and exposure of NTM-001 compared with an intravenous (IV) bolus regimen of ketorolac tromethamine (KETO-BOLUS) in healthy young and elderly subjects with normal renal function, and in elderly subjects with mildly or moderately impaired renal function.

Secondary Objectives

To assess the safety and tolerability of NTM-001 compared to IV KETO-BOLUS in healthy young and elderly subjects with normal renal function, and in elderly subjects with mildly or moderately impaired renal function. 


Exploratory Objective

• To explore and identify a data-informed, model-based candidate dosage regimen of NTM-001 that is predicted to safely achieve post-operative analgesia similar to the FDA approved KETO-BOLUS regimen. 

• To assess and update the PK/PD model parameters, including addition of PK covariates informed by the new PK data observed in this trial.

3.	STUDY DESIGN
3.1	Overall study design

This will be a multiple center, randomized, open-label, crossover study in healthy subjects with normal renal function and in subjects with impaired renal function. 

The study will consist of the following 4 cohorts: 

• Cohort 1: Healthy Young Subjects (age 18-55), receiving a full dose regimen of NTM-001 and an intravenous (IV) bolus regimen of KETO-BOLUS (24 subjects: 12 males/12 females) 
• Cohort 2: Healthy Elderly Subjects (age 65+), receiving a half dose regimen of NTM-001 and an intravenous (IV) bolus regimen of KETO-BOLUS (24 subjects: 12 males/12 females) 
• Cohort 3: Elderly Subjects (age 65+), with mild renal impairment (CrCl: 60 to 89 mL/min), receiving a half dose regimen of NTM-001 and an intravenous (IV) bolus regimen of KETO-BOLUS (8 subjects) 
• Cohort 4: Elderly Subjects (age 65+) with moderate renal impairment (CrCl = 30 to 59 mL/min), receiving a half dose regimen of NTM-001 and an intravenous (IV) bolus regimen of KETO-BOLUS (8 subjects) 

The study is expected to last approximately 16 weeks (from first screen to last blood sample collected over all periods) in case Cohort 1 was not repeated. This includes an up to 28-day Screening Period, Baseline Assessments (1 day), Treatment Periods (2 24 hours, which may expand over 2 calendar days), and a 7-day Washout Period.

3.2	Study treatment

Investigational Product 
NTM-001 will be provided as 100 mL IV bags. 

Comparator Product 
Conventional (generic) ketorolac tromethamine for IV bolus application (KETO-BOLUS) will be provided as 1 or 2 mL glass vials.

3.3	Randomisation procedures

All subjects will be randomized to either treatment sequence. 
For Cohorts 1 and 2, subjects who withdraw or are withdrawn from the study will not be replaced since over-enrollment for the initial cohorts is projected. For Cohorts 3 and 4, subjects will be replaced if more than 1 subject withdraws or is withdrawn from the study. 
No unblinding procedure is required, as this is an open-label study.

3.4	Sample Size

No formal sample size calculation has been made for this study. A sample size of 64, including 24 subjects each for the healthy young and healthy elderly groups, and 8 subjects each for the mildly impaired and moderately impaired renal function groups, were chosen because it is considered typical for studies evaluating the effect of renal function on the pharmacokinetics of a drug.

4.	PHARMACOKINETIC ANALYSIS
Pharmacokinetic parameters estimates will be calculated by noncompartmental methods.  Pharmacokinetic data will be listed for each subject, along with summary statistics.

4.1	Analysis set for the pharmacokinetic analyses

The PK population will consist of all subjects who complete dosing in both periods of the study and have sufficient plasma concentration data to facilitate the calculation of pharmacokinetic parameters as determined by the pharmacokineticist. 

4.2	Plasma concentration data

All plasma concentration data will be listed for each individual subject and summarised by dose level and nominal time. 

Plasma concentration of NTM-001 at each time point will be summarised using the following descriptive statistics.  
	N (the number of subjects)
	Arithmetic mean
	SD (standard deviation)
	Geometric mean (except for Tmax which will be summarised by median and range)
	CV(%) (coefficient of variation)
	Geometric CV(%) (coefficient of variation)
	Median
	Minimum
	Maximum

Summary statistics for plasma concentrations and PK parameters will be presented to the same number of significant digits as the reported bioanalytical data. Concentration units may be amended in the case of large numerical values. In this case summary data will be presented to 3 significant digits up to values of 999, with numbers greater than this presented as integers. The exception will be CV(%) values, which will be reported to one decimal place in all circumstances, and n values, which will be reported as integers.

Individual and mean plot of plasma concentrations of NTM-001 over time will be made by cohort.  

4.3	  Derivation of pharmacokinetic variables

Pharmacometric modeling and simulation was used to develop a ketorolac PK/PD model to guide selection of a fixed IV loading dose - 24-hr constant-rate infusion regimen of ketorolac tromethamine, designated as NTM-001, intended for the treatment of moderate to severe postsurgical pain.

A nonlinear mixed-effect PK/PD model (“Base Model”) was developed by Dr. Nicholas Holford using published information to predict the time courses of ketorolac concentration and resultant analgesia, with the goal of identifying a safe, analgesic regimen of NTM-001 that achieves ketorolac exposures within that of the FDA approved multiple bolus ketorolac regimen.  Dr. Holford’s report describing the construction and use of the Base Model is attached to this plan. 

The IV ketorolac tromethamine regimen selected for use in subjects aged 18 to 65 years with normal hepatic and renal function consists of a 12.5 mg bolus loading dose with a concurrent 24-hour, 3.5 mg/hr constant rate IV infusion (“Full NTM-001 Regimen”); a regimen of 6.25 mg loading dose – 1.75 mg/hr 24-hr infusion was selected for subjects aged greater than 65 years and those with hepatic or renal (“Reduced NTM-001 Regimen”).
Study NTM-001 – HP-001 is a Phase 1, Randomized, Open-label, Crossover, Pharmacokinetic Study of Intravenous NTM-001 (A Novel Formulation of Ketorolac Tromethamine Applied by Continuous Intravenous Infusion From A Pre-Mixed Bag) Compared with an Intravenous Bolus Regimen of Ketorolac Tromethamine (KETO-BOLUS) in Healthy Subjects and Subjects with Impaired Renal Function.

PK parameters will be estimated for each subject and will be derived from the relevant plasma concentration data of NTM-001. The PK parameters derived to assess the single dose PK of NTM-001 include Cmax, tmax, AUC from zero to the last quantifiable concentration (AUC0-t), AUC and half-life (t1/2). Plasma PK only will be used for dose escalation.  

4.4	 Summary statistics for pharmacokinetic parameters

Pharmacokinetic parameters will be listed for each subject, along with the following statistics by dose cohorts:
	N (the number of subjects)
	Arithmetic mean
	SD (standard deviation)
	Geometric mean
	CV(%) (coefficient of variation)
	Median
	Minimum
	Maximum

4.5	 Model-based comparison

To establish an Updated Model, concentration-time data from each cohort will be fitted using the Base Model structure as they become available.  PK parameters and graphical outputs from the Base and Updated Models will be compared as described below.  The overall goal will be to determine whether the dosage regimens investigated in Study NTM-001 – HP-001 are suitable for use in further clinical development, or regimen adjustment is warranted.
1.	When fitting the data using the Base Model structure, modification of the model structure will be made only if required to provide optimal modeling results.  Such differences could occur based on the specific characteristics of the concentration-time data received (e.g. a different residual error model is required), or from updating the Base Model to reflect that each subject receives both NTM-001 and KETO-BOLUS in a randomized, crossover fashion.
2.	The primary comparisons will be graphical overlays of the predicted median concentration-time curves and their 95% prediction intervals estimated using the Updated Model and the stochastic ketorolac concertation-time profiles estimated using the Base Model (shown in the attached figure).  The visual degree of closeness between the predicted median concentration-time curves will guide the nature and extent of further comparisons.
3.	Further comparisons could include graphical comparisons of distributions of Cmax, AUC, and half-lives values from the above described ketorolac profiles.
4.	Upon satisfactory assessment of the ketorolac exposure profiles, the Updated Model will be used to predict pain relief vs. time profiles for comparison with those predicted using the Base Model.  
As part of an overall assessment of clinical results, including safety and tolerability, from each cohort, the PK and PD predictions described above can be used as an aid to adjust the loading and/or maintenance doses for NTM-001 if warranted.

4.6	 Mixed model analysis of PK parameters

To exploratorily assess the effects of treatment and various demographic (age, sex, body size) and renal function biomarkers on PK parameters, a linear mixed model will be used with the logarithm of a PK parameter as a responsible variable. 

Let yij be a pharmacokinetic parameter of ith subject (i=1,2,…,n) in period j. The mixed effect model can be expressed as:

Log(yij)= β0 +  β1 Age + β2 Sexi + β3 BMIi + β4 Renali + Doseij + Cohorti + Periodij +  Si + ij 

where 
β0   = the intercept;
β1,  β4 = coefficients for Age, Sex, BMI and renal function biomaker respectively;
     	Doseij = represents the actual dose group for the ith subject in jth period;
	Cohorti = stands for the effects of cohort;
Periodij = stands for the effects of period for ith subject in jth period;
Si = the between-subject random effect of ith subject;  
ij =the (within subject) random error in observing Yij.

It is assumed that {Si} are independently and identically distributed with mean 0 and variance s2 and {ij} are independently distributed with mean 0 and variances e2. {Si} and {ij are assumed mutually independent. The estimate of s2 is usually used to explain the inter-subject variability, while e2 is used to assess the intra-subject variabilities. 

The above model will be applied to Cmax and AUC0-t only and will be estimated using SAS PROC MIXED.

4.7	 Handling of missing and incomplete data

To calculate the descriptive statistics of PK concentration by time and to derive PK parameters, plasma concentration below the lower limit of quantification (LLOQ) will be treated according to the following rules: (1) as zero at zero hour; and (2) as missing during the elimination phase. If a sample has not been taken at more than 2 time points, this PK profile will be excluded from the analysis.

5	CONVENTIONS
Neumentum statistician will perform the statistical analysis and produce all summary tables and data listings, using the statistical package SAS, v9.4 (Windows 2000).

No interim analysis is planned for this study. All individual subject data will be listed.

The tables and listings will be represented separately for each cohort of the study.

Page layout of tables and listings in landscape mode will be produced in Microsoft Word:
Top = 1.78 cm
Bottom = 1.52 cm 
Left = 1.2 cm 
Right = 1.2cm RPL standard
Gutter = 0
Header (from edge) = 1.25 cm 
Footer (from edge) = 1.25cm 
Font size = 7.5
	Font= Courier New
6	     TABLE AND LISTING SHELLS
PK TFLs Shells will be provided as a separate document once the PK SAP is approved.

7	     REVISION HISTORY

Page number	Reasons for Amendment to Statistical Analysis Plan	Rationale for changes detailed
		
		
		
		
		
		
		







Version 1.0 24/July/2018	        Page 12 of 12


